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GROUND WATER IN THE DICKSON AREA OF THE WESTERN
HIGHLAND RIM OF TENNESSEE .

Michael W. Bradley
ABSTRACT

A hydrologic etudy of the Dickson, Tenn., asrea provided additional
information on the occurvence of grouad water in the Missiseippian carbonate
rocks of the vestern Highland Rim. Twenty-six wells were drilled to determine
the occurrence of ground water in reﬁ?:'gozn‘tmwguyhic position, regolith
thicknees, streamflov gaine or losses, lithology of the underlying formstions,

and linear features.

Yields of 26 test wells ranged from O to about 300 gallous paxr minute and
averaged sbout 68 gallons per minute. Nioe wells yielded 80 to about 300
gallons per winuta; specific capacities ranged frox abour 0.71 to 12.7 gsllone
pex minute per foot of drawdown. - Sevem of these nine wells yielded vater from
solution opepings in the Wareev Limestone. The other two wells yielded water
fromw gravel and eand in the regolith, Aquifer tests were conductsd on two
wells. One vell vas pumped at an average rate of 150 gallons per minute for
72 hourw with 39.77 fest of drawdown. . Tha sacond well vas pumpad for '8 hours
st 120 golloas per miwute with 20.86 feet of drawdown. The wvater from both
wells waa of generally good quality:. Water from one well had a dissolved
aolide concentration of 170 silligrame per liter. The dissolved solids in the
water from s second well wes estimated from specific conductance as about 160
milligrems per liter. g

Thick regolith snd the presence of fine-grained linestons intarbedded
with coarse~grained limestone nesr the base of the regolith appear to be
significant conditions for the development of solution openings that yield
large amounts of wvster. Seventy percent of the teat wells in which theee
conditions occurred yielded 80 gallous per minute or wore.

INTRODUCTION s

The need for alternative sources of vater has sophasized the need for
addicionsl information on the occurrence of ground weter in carbonate rocks.

:.:1n .-the pest, :these aquifers have been ueed, for the most part, as rural

domestic water sources. Davelopoent of these aquifars for wunicipal and
_ _industrisl purposes is deterred by cheir highly verisble water-bearing
properties; low-yielding wells are camson and the occurrence of large supplies
is uepredictsble. A thres phese study was conducted near Dickson, Tean., to

acquire & better understanding of the ground-water systom.

The study had three objectives:
. ‘To describe the ground-water hydrology of the western Highland Rim

in the vicinity of Dickson,




;guu\ oing

Grave)

. i
. To test concepts of ground-water occurrence by drilliag teet wella

st sitew selected on the basis of hydrologic criterias, and
. To acquirs and interpret dsta on the quantity sand quality of groumd

.water and on the geologic envircoment in which it oecurs. -
To sccomplish these objectives the first phase of the study included inter—
pratation of well and epring records, water—quslity dsta, streamflov ssssure-
meats, serisl photographe, and geologis data. During the second phase, teet
sites ware selected snd a total of 26 vells vae drilled. 1In the third phase,
aquifer tests were conducted to determine aquifer properties. Water samples
‘were.collected .for water—quaslity ‘snalyses.

This study was conducted .by the U.8. Geologicsl Survey, in cooperstion
‘with the cicy of Dickson and the Teauesses Division of Water Rasources and ig
psrt of & larger study of the carbonate rocks of the Highland Rim in vhich the
coacept of ground-water occurrence is being tested in specific ereas.

DESCRIPTION OF THE STUDY AREA
Ihe Dickson area lies on the rolling plateau of the westsrn Mighland Ris,

a section of the Interior Low Platesus physiographic province. The study srea
is vithin Dickson County and approximately 40 wmiles vest of Nashville (fig, 1).

fgon near 600
1eul._’

Trfeettin the
"(oulb L"

n -onthly tuqlntuu ungnn
I from- 39'!;1:: nl-mury to 29°F. The mean anousl tempersture is
$9°7. The Dickeon ares receives about so 1nc es of precipitation in a normal
year. MHovever, most of the precipitation falls during the late winter and
-~ early -spriog. —Mesn monthly- precipitetion ranges fl'o- 2-56 incheas in October
~to 5.52 1nch¢l<in lech (h;. J). M et oo L
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Formations Q:poud o0 the northuestern Bighland Rim in the Dickson ares.

YR Y M3 include, in descending order, “the Tuscalodea Gravel of the Cretacecus Period
5 and the St. . louis Limestose, the Warsaw Lisestone, and the Fore Payne
ﬁ,dw M Formation ' of sthe Mississippian Period (fig. 4). The reglosal dip of ctha
-'-‘_":__ .«.formations .is ;towsrd . the ,northwest.. (Marcher, 19624}, local structural
F1 Paine i ,.;gm.-‘m“_;;m to the_sauibyest and sorthesse parts ST TR STy At
t 3

.The Tuscaloosas Gnvcl conliltl ofEhon gravel, sand, silt, and r.lly.
" The cherc grave vel is comp conposed of well-rounded fragments up [o 6 laches in
dissater, and was derived from tha Camden Chert of Devonian age or locslly
from I.ha St. louu. Hltuv, and FPort Payne. Becavse of ita isolated nature

vnter.j

5 ) Physlographlc Provinces of Tennatsee
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approximataly 100" feet chick.
peloarily Trow criooids and bryozoans.
micerals present,

amounts.
which are typical of the uanderlying Port Payne PForwmation.
Psyne contacl is generally conforwsble with gradation and possible inter-

{_ tonguing occurring between the tvo formati 5

cherty sillstooe.

discontinuous beds ar aodules,
dolomite.
calcice.
and pyrite also occur in small quantities.
wedivm- to csarsa-grained, foseil fragmenral |imestone sinilar to the typical

Warsav Liwestone.

r Eissile black shasle approxinately 20 feel
sequence of 3iluriss and older rocks consisting of limastone,
calcarecus siltstone (C. B. Burchett and Ann Zuraweki, written comsua., 1979).
FPor sdditicnal discussion of the geology of the Dickson area, see Marcher sad

others (1964).

The 5t. louis Limestone, which caps most of tha uplan
roprusent ¥0-TE Tind #GeTace only by o
nodules of chact.
limastons which locally includes beds of medium- to, coarse-grained foseil-
fragmental silty limestone similar to the underlying Warsaw Limastone.
St. louia regalith contains cherc which is dark, very dente, and brictle, and
in places is charscterized by round chert "cannonballs"” (Harcher and others,
Regolith is the mantle of unconsolideted material which overlays the

.

bedrock.

residual cla

The St. Louia is 2 ye”wukﬁro\m ;mc—;r‘mta 1

soll conta

i generally
blocks and
cherty

The

The Warsav Limestone is typically a thick-bedded, light colored, medive

f
. to cosrse-frained “Tossil fragmentsl limesctone.

In

the Dickeon eres it is

The sand size foseil fragmencs were derived

Quarts and calcite  ara the main
but glauconite ‘amd pyrite occur locally in very small -
Locally, the Warssv Limestous comtsins fine-grained, cherty beds

The Warsaw-Fort

The Port Payns Formacion is typically & cslcareous, dolomitic, very

Hiximom thickness in the Dickeon ares i approxYefiCely 230

Chert occurs throughout the formation in distimct beds, as irregular

Underlying the Missiseippian (ormations

HYDROLOGY

CONGEPT OF GROUND-WATER OCCURREN.CE’_

Carbonsts rocks underlying the Dickson area have lictle intergranular
permesbility. atures, primaril sclution ealarged
bedding )

S 5) ¢t argest awounts of ground water ‘occur - ia-
o ca o:l_u;o—u__o‘?m._ﬂw_éﬁi; TOCh as some dcds in the Wacsaw and

Secondary permeability fe.

ars nestane.

3 The St. Loufs Livestone sod locally the upper part of
have weathersd to a clay .regolith in the Dicksoa area.
permeability but has an i le i

and within the matrix of the limestone and
Saall cavities (less than 2 inches in dismeter) contain quartz or

Some gypsum pceurs in the lover psrt of thé Fort Payne.
Some beds iu the FPort Payne are

Glauconite

is the Chattanvcga Ghale, a

thick.

ound-water occurren

Bel3u this is” @ thick

dolomite and

The regolith has low

che Warsav geaerally |
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enlarges openingu and increases pcmchxlity

. The occurrence of thick rego-
ive €o nt of high

1xth over the so

2 Warsav

The grmnd-viur"oyntn fn‘?ach"‘ed primarily froa precipitation on the
Hater move dm thmgh the regolith and into colunon openings and

uphmh.

g

Bpuqu ud .tru-

" presence of ground-water reservoirs (Rima an

.~ ~this ares (\vlm the exception of Payne Spruls
3 -

vbic ch gnin flov are positive ilndicators ‘of z

Goddard, 1979). The -priqn fn
1

.Jengths range from a winimum of € feet to & maxiwum of 188 feet.-

WELL RECORDS

Deta on wells in the Dickeson srea are in tha files of the Tennesses
Division of Water Resources and U.5. Geological Survey. Siace 1963, wvacter
vell drillere have been submitting rsporte to the State on the wells that they
drill, Data on yield and casing length were obtsiced from these driller
eporte. .

Reported well yields for 165 wells in the srea (fig. 7) range from less
than 1 to about 100 ga}/min. Sixtymine percant of the walls yiald less than
10 gal/min. However, 22 parcent yield 13 gal/win or wore. There is no clesr
pattero to the distribution of well yield and location (fig. 8. Wells
yielding more than 15 gal/min déve scettered throughout the area and occur in
atream valleys and aoplands.
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Figure 7.--Frequency distribulion of raportsd wel rvisids tdata frém
Tennesses Diviston of Waler Ressurces, unpubliched dsial.

Casing lengths have been raported for 226 wells in the Dickson srea. The
About half
of the wvells are cased to betveen 40 and 79 Feec (fig. 9). Because State
regulacions require that well casing be set into bedrock, wost reported casing
lengtha are st lasst as great ss the regolith thickness snd may be greacer
(Burchett snd Zurawski, written commun., 1979). Casing lengthe were used to
approxieste the regolith thickness (Fig. 10).
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Regolith ia the upla a generally about 50 to more than 150 feer thick.
One Glc—c‘;mmws, an upland dérea Ghdre,
bassed on casing lengths, the regolith is less than 50 feet thick. Ia the
valleys of the major streams, Fast and West Piney Rivers, Jomes Creek, and

Little Jounes Creek, tba regolith is Less than 50 feet thick (fig. 10).

GROUND-WATER LEVELS s

Ground water in the Dickson ares flows from recharge acrdas where vater
level elevations are high, to dxlchnq- points at lowar slavations. Water
ia

levels {n 59 vells vera wea 1
ranged from O to 110 feet balov “land suifdce. I( is likely that water levels

“are similar aow (19&)) as grounidcéater pumpage in the ares has not chuged

greatly. ST T T T

A water lavel contour map modified from Marcher snd othars (1964) is based
on the March 1960 water levels and tha mititudes of nine springs (fig. .

“This wap shows high vater—level altitudes under the draicage divide vhich runs

northwest to southeast through Dickeon with the highest water levels nocthwest

b 1960 (Marcher and others, 1964) and .

I

IR T Caia




T arIe

mtertae]

T

T 4 0
1900 2000 wETRAS

)

-8409 FRET

Deis kam Tonazanae Oivloivn
ol Water Resewces, shat
saw (1979}

OF REGOLITH- - e s

~ Fogollih thicknata basad on casing Jengths,

£ - 3200
T4 7 T7 I &
S~
{ . o Vs
19 —— Yy~ 68 ——
Jeret [
\ oy
2887 297 46 48
* Jo (]
90 . o LA
()
L) e
L4 800 7 °
8 h b ™ :1 ' 70!
* v X 00
;. & 7
*.0, . oy
|— 100 ! 800
. > BicK
- gt Foe “ Ge
(4 *
5 2i( * s .
oI Ly 700 0“4
5
<
. 5
b,
)
ived,
. ~Z .
" I L
c anas . :'.:'l‘!::rllu‘"“‘.::-
. Lowaataey (1964
ne Yanlaw[ 918} 1800 .
EXPLANATION b
— 800 — ~—~ POTENTIOME TRIC CONTOUR ~
Shows altitude of waier isble, March
1980, Dashed whers sprroximately
e tocated. Goatour interval 100 test.
* **" Natlonat Gecdetic Vertical Detum of 1929
) o - Wolly with water levels measured
e T s Mwch, 1880
- ) % Springs )

PR : ’ Olraction of ground-water low

Figwe 11.— Ground-water levels and direction of low.



of Dickson. Tha water table is as much as 100 feet lower ia sltitude in tt° ) "."'."" 'I“ "F’u ! v 4
velleys of the major streams (Burchett and Zurawski, writtea cowmaun., 1979) . < . )\

o

The direction of ground-vater flow is similar to the surfece drainage; flow is
avay from uplands snd tovard lower water—level sltitudes in the vallays. R
.o - - ) Jones C A

SPRING DATA o . . ORI (40 @9

GRASSY

Springs are nstural outlets for ground water and cccur Qhui land surface
BPAING

intersscfs the water table. Mosr of the large springs iu the Dickaon area
{Eig. 12) diacharge from nasc the bottow of deaply incised hollows (Marcher end

others, 1964),

WALWOT GROVE |
SPRING

Discharge meavirentnts were made during July 1979 at six springs in the
Dickson ares. Mo springs, Walwut Grove Spring and GCrassy Spriug, had the
lovest discharge of the six springs measursd (table 1). The measured yield of
the four lgrlug- along West Pinsy River ranged . from 0.57 to 1.78 cubic feet per
second (£t3/s). Payms JSpring was seasured im Stpunbu' 1978, vith a flov of
0.20 £t3/s. Eighe discharge messurements rangiug from 0.13 to 0.79 €td/s
vere msde ar Tice Spring from September 1980 through June 1981, Specific con-
ductaunce of water from the springs ranged from 175 to 195 aicromhos per canti-
meter (;Huo-/c-) nd pH ru\;-d Eru 7.0 to 7.7 (cable 1).

urunnt. luv- been made periodically from 1931 through 1979
at Fielder and  Brice Springe (table 2). -Pifty-seven mcssuremsnts have baen
uadu ac, Fialdu?!priu.. !zuce Spring has bean measured 17 times during the
ielder” Sprhq., -Discharge from Brucs Spnn| is counsistently

rom Fielder Sprxn;. rae

'!t%’rnntl}u 'h memnl:l uera nlde on Juty 19. 1979, at 96 sites along
13).  The streams were dry at 27 of the sites.
ave drainnge areas of less than 1 square aile.
The largest drainage sces was 1.68 square miles. The sverags. strasmtlow for
all 96 aites vas 0.26 cubl.: !ooz per second per squars mile. If the 27 dry
sices wera o-xt(ad the lven;e ‘was 0.36 cubic foot per second per square mile.

s trmm u- Gaslegice? Surer. asen o . dese  assem ranr
e Sursc 1988,
Crorvmiet 19600 Drerwnrd 19423,

. A
The chu\gc in sfreamfl per additional square aile of drsinage sres COG 200D B L
between sites w. de:emned £o ach eite in order to delinecate stresa reaches '
which are galoing mor nd er than ‘other stream resches (fig. 13). The EXPLANATION
gainiag reaches of the stieacs ‘ire “generally drsining uplend areas which have 223.‘:&'
some relatively high :eported well yields. Tne gsining reaches of stresas, . , Spring AN NN cocman s e e e

vedeiiemg fmibar €6 ApEings ndiéin dhehir‘ia fram tha ground-v-ur reservoir. -

Low- £ low diuhn.e measureménts have been yubluhed (Gold, 1980) for 10
sites vithio the study ares (fig. 14 and rsble 3). Low-flow measurewentcs are
‘made at & tiwe whea there is no overland runoff from precipitation, and flow
is sustsined by dl.u:hargc from the ground-water aystem,

Figwe 12.— Sorings In the Dickson sraa.
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Table l.~-Discharge, specific conductance, tewperature, sud pll of water ~ Iabls 2.~-Discharge mesouremaats - Fieldar Spring and 8pring
fronm springs in the Dickson srea.
o .
Specitic . . i : Discharge Di scharge
conductance Tewpar~ (£t 3/s) [¢43 '[.)
Spring ' m’dj""" (imbo/ca - ature pR i Date Pielder Bruce Pate Fielder Bruce
(fig. 12) Date (ec3/e) 25°C) o : ] " Sprieg Spring =~ . : Spriong Spring
Walout Grove Spring 7-11-719 - 0.0 245 16.5 1.4 kil 08-06-11 2.06 1.30 08-29-62 1.93 -—-
. . o5 09-29-31 1.72 1.10 09-26-62 1.98 -—
7-18-79 0.04 270 16.0 o ; 07-17-52 2.17 1.68 10-25-62 1.93 -—-
5 . . ) i 08-12-52 1.90 1.19 11-28-62 1.78 -—
Donegan Spricg =11-79 0.84 2% 17.0 7.0 o 09~23-52 1.86 1.19 01-12-62 1.57 -—
. ! "
faddea Spring’ 7-11-79 0.57 220 15.5 1.8 . 10-22-32 2.02 112 01-12-63  1.46 =
1 ) . “ 11-20-52 1.72 1.17 03-27-63 2.01 -
) Pal s 0.58 1% 15.5 - 12-08-52 1.82 1.00 04-10-63  1.8% -
; . . 01-20-53 1.74 1.08 . 05-07~63 1.92 -
Fielder Spring ST 1.78 255 14,5 1.6 02-24-33 1.98 1.54 06-05-63 1.51 -
OO LA L 1.62 %0 - 185 7.7 03-16-53 - 2.18 1.67 07-12-63 1.86 -
: 06-29-53 1.9% 1.46 08-05-63 1.76 -—
Dol 175 4.0 - 05-26-53 2.1 - LS 09-10-63 1.78 ---
A . 06-23-53 2.09 1.4 10-03-63 1.60° .-
. o.0? o S S 06-02-54 1.94 1.3 11-13-63 1.53 —-
! 0.20 o il S 07-07-61  2.96 — : 12-10~63 1.66 -
ML . 08-09-61 . 3.12 - : 01-23-64 1.86 -—-
Tice Sering 0.6 . 2 © o . 09-07~61 2.09 - - 02-14-64 1.75 -—
: e ) o : 10-04-61 2.07 e ’ .. 03-10-6% ~  2.25 -~
[t O o 260 1.0 S 11-02-61 1.83 - . 04-16-64 . 1.85 -—
) 817 o 200 13.0 = 12-04-61 1.58 — - 05-15-64 2.67 -
- 01-02-62 1.79 - . 06-18-54 1.96 -
. tas 290 14.0 ——— @2-07-62 2.0 -—- 07-16~64 1.65 -
s 03-06-62 2.70 --- 08-20-64 1.71 -
e 022 -2 13.0 o= 04-03-62 3.0 e ' 09-23-64 1.78 —
R ey
[ 50 14.5 . 05-02-62 2.58 ——— 10-15-64 1.70 L =—-
IO . ) 05-03-62 2.38 - : 11-17-64 1.50 -—-
5 150 13.0 Mess 07-03-62 2.23 — 5 . 07-11-79 1.78 1-42
08-02-62 2.30 . . -— 07-19-79 -—- 1.34
L TR L :
* Batimated. - S — ___-__ _ &,.? B Maximum Hinioum
Fielder Spring 1.98 = 312 1.46
‘; Bruce Spring 1.34 1.75 1.00
16 . 17
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Table 1.--low-flow discharge neuuu;-nu‘tal' streans ic the study ares

Drainage
Refersnce Station sres Discharge i uhcrgc
. no. no. (ei?) Date [{ 3D} Date (£c*/s)
(fig. 14) : -
i 03434583 5.05 10-17-50 0.42 06~24-32 0.57
2 03434590 13.3 07-31-74 2.20 08-21-75 1.8
3 03434593 10.9 . 07-07-50 3.47
L3 03434393 ° 13.8 . 09%-12-31 0.57
5 \ @302170 216 - 10-10-61 o 09-27-61 0.05
4 : 05-15-62  0.56 10-04-64 (]
. R 04-25~63 0.43 08-06-65 0.36
6 03602192 21.2 .. 07-0%50 ¢ 12.% 05~15-62 22.0
. ‘ o 09-12-31 9.00 06-25-63 17.?
: 'A . 10~17-51 8.73 09-27-61 9.95
. 06-24~-32 10.6 10-04-64 9.11
- L 10-10-61 8.01 08-10-65 12. 6
7 ‘ 0’602193 “1.95 . 11-13~52 [}
: aosmnu - 10-24~54 . 0.47

10-04-64 2.3
08-10-65 5.57
- 09-03-69 316

- 10~10-61

.. the -inim uwunt of rlchn‘o t’; tln ;l'nnnd-
nun ean be- estimated. - Discharge data from the

vere used for th pmyou. .
River ut Vcrnon wu 90 !g /-.1M: this site, the Piney is drafoing 202

‘i ares, 1t A luun:d h-t §he uhlna race for tha entire basin ia nbou: the
’ ona as cha nehnna ratq ia'the Dickion avda. -

T TR P I T T

+ 4 Adeuning that 90 €e3 /s r-pnuntn t!ne amount of ground -at:r being

._aﬁuchugod to streams sud spring then about 320 acre-feet of water must

_sowusl pmcfpit ion thll: is recharging the ground-nter’

RESULTS OF DRILLING
Test Wel Data

) u;-during tha scudy (fig, 15). Well deptha
ranged from 21 to 500 feet, and the wolls were cesed to depths rarging Erom

Ceme e m : . 20

.During ‘1960, the nminimum discharge of the Piasy

ooually. ithis ﬂp‘ruonu a minimuw rate of about .

origyise

seoarae] ~

A
3

< . ’ 5

Lo

sns  sess rrit

O 18E 2008 NETIRY

) m--.numlownm« .
(su lnbla l]

Figwe 15.— Tast weils.
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5 to 317 feet below land nnfnca
Regolith thigins

drilling were less than 1 to more

18 L. T than 300 gal/min; oaly two wells were

. 150 dry (table Zight walls yielded

. wore than 100 gsl/min (fig. 7).

] : 3 Data from the test vells sre susms-

i,,‘ wk b ‘°i’|' ‘rised in table 4.

H I PY- The regalith ac 'gtﬁtut

@ - vells ra ck

B .l i n.z. (tabT® 4) with an average thickoess

3 ° of 88 feet. Faourteen wells pene
z H tratéT T lasar 80 feet of regolich .

e and 10 of these wells hed fine

grained beds of limestone near the

o . . top of rock. Of these 14 wells, 7

e 100 200 300 don {sll with  fine-grained limestoos

CASING LENDTH, nre:\' L . “uear the top of rock) yielded 80

N ul/-m oc’ wore frem solucion
puingn ‘in bedrock, snd 2 wells

wand.

m\rmrvm—t‘reut 80
!ee! of regolith yielded less than 20
~cPor the \2‘ wella which
than 80 feat of ngohth. ]
han R rear ol m

O gL O
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- . F H
ounte of water. This "uE cock” is & finegrained siliceous limestona or ' - .. 2
.lomite which allowed for the developsent of solution aing# 1nhabiting v 2
the downward weathering and movecent of clay into the 'oEunon opening The - ‘=’ !2 .
sife dnd nunber 8Y ¥8Tution openings aecnuayz with PR _——' 1 ? 2 a2
= a X =
8pecilic Capacity Testa o -2 224 H
ol 5.
£ 3 H
Specific capacity tests were conducted on 10 wells. Specific capacity is @ §'§‘ = E
the discharge of a well expressed as & rate of yield per uanit of dravdown and 5 T‘:.:: L
can bs used 2s 20 indicator of the capaciry of the well and aquifsr. Average X 2 A 3.
" yield for the individusl wells during the ‘tests ravged ‘from about 72 gal/min & - 2 5
in to-300 gel/min 10PE-15D Spacific capecities for the wells rauged = ? i =
from 0.71 to 12.7 gallons per minute per foor {{(gal/min}/ft] of drawdown {rable ? L 2
5) and averaged 4.10 (galfwin)/ft. A high epecific capecity, such as 12.7 3 . H é
(gal/min) /£t in Dk-21, iadicates that the vater-bearing cone supplying the vell = g €
is cspable of transmitring ground water more readily than a well with s lower =1 * » §
specific capscity, such as 0.71 (gal/min) /£t in Dk-26. 2 5 = 4
. 3 H
£ i 3 :
3 = p! 2 £
H $ C ] 3
Teble S.--peciticcaprcity tast daea B 8 ® =
N - - ’ .
Stetic B I
" water levet [y S— © 8
. halow N 1ald 1s 3
B 4 E
- Mall we. el o, puist . dewe  Trast - ) ty tent a B
Wald Sl eeae ey} {100 (gaifmie) {(nylfwin}ftel _ tw) sy ) H
| B3 DAK-E . G/I4/® A%.S0 . 6238 1w ER TR ¥ » weray woevery. H S
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e :z‘::‘ ’ A wn 1.3 : §
n-u-B oter-ra . _:)‘:‘z _‘J‘ .5: ;..: . ;: Telds vaeer 1.‘-- regalith, 3 2
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Pe-3h Mor-a2 /e 108,73 n .n L0 i 3 £e 2
5 3 . ~ 2o -
AL i
. g < 23 &
s T T - - [
| " YIELD-SPECIFIC CAPACITY TESTS
' ke SEL e S
T T Ivoreste were conducted at the Dk-17 site. A 72-hour test took place in R
November 1980, and &n 8 hour teet was conducted ia August 1981. Well Dk-17 wvas .- - - - &5
‘pumped during ‘both _Lests, and water levals vere acseured st four observation % ’
wells. Wells @@lnd@u 830, 200, and 190 feet, respectively,
- from the pumped well. = je u dosestic well about 415. feet from Dk-1?
CEige 19, v o mro oomee - . .
= 2L ' . 27
o - B W, N -
TR L E— -

{




The test site is underlain by the 3t. {ouis Limestoos, Warsaw Limestona,
and Fort Payne Formstion. The St. louis Limestone and the uppar ¢t of the
Wakesav Limestone have weather st thick
(tig- ®r occurs in solutilon openiags in the Marsaw Limestone
and at uu con eaetrated by
Dk~ vere pa

y or completely filled with clay.

The cest began on Hovewbar 19, 1980, sad ended Bovember 22, 1980, after 3
days of pumping. The initial pumping rate was spproximstely 140 gal/min.
Wstar lavels in the obssrvation welle responded co pumpiag Dk~17 in various

" degress (fig. 20). The specific capacity of Dk-17 at the end of the first stesp
wae 3.0 (gal/min)/ft of dravdown, 4t the end of the test, the spacific capac-

ity hed descreascd to 1.5 (gal/min)/ft of drawdown for wn aversge puaping rate

-of I3%% gal/win., The decreame in specific capacity may veflect well losses

csusad by lover vster ievels or possibla devatering of tone upper water-bearing
sones. - Water levela in Dk-19 begen to rise before pumping stopped. This could
occut if the conoection between Dk-19 and Dk-17 became blocked. Drawdows in
Mk~17 and cthe nhurvat{on wells is sunmarized in table 6. Data from this tesc
were snalyzed usisg & mathematical modal, but the results vars inconclusiva.
Because of this, thé ‘response of the vcll to higher punpm; rstes ovr to a
loager punpm; pariod :loull aot b- da:en\ned.

',;,7z-aoun TEST

5 10
R T T T 7 T
OPI, 14 ----..,......‘? 8 emeesusvmsens
s v senvevees
"5 o -
fa .-
P
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©
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23
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Figure 20.-- Hydrograph snd yield of 72-hour teel 8t Da-17,
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i

" Drewdown 46.78 5.20 38.10

Table 6.--Drawdown and recovery in vells at the Dk-17 site
during the 72-hour test

¥ell no.
De-17
(pumped well)  'Die-16 TA-18 Dk-19 Di:p-27
Distance from - 850 ‘200 190 . 415
punped wall,
in feet.
Prepumplog 73.49 n.n Th.44 74.80 74 {est)

water level,
in feet below
measuring
point.

27.93 126

at end of
ficsr step,
in feet.

Drawdown at 87.51 . T 10.68  74.66
the end of ’

46.23 -

.cest, in

feer.

Recovery 2751 0.09 14.06 0.89 C -
2 howrs aftsr

nunyln; " ‘tnppe'd.

rin feet.

SH o o ¥ PR

A plot of dnwdovl versus’ di-tn\cc ~from-the. pulped well (Eig. 21) vas used

. to dstermine if the observation.vells are. conuected with the water-bearing

sones in Dk-17.° For cbwervation wells in_sn squifer with uniform properties,
this type of plot would ideally show a straight line near the pumped vell and
s smooth curve at the distant cbservation vells. Tha slope of curves belween
k-17 and tk-18 is r:la(iveli constant which indicat@s THat these wells Rave »
g0od hydraulic connecti Times (t » 1,600 and 4,200 minutes) the olope
iT-¥TEeper than earlier in the tesc. _Steepening of the “slope may be due to
possible devatering of the squifer or well entrance losees.




lino(l)-‘n since pumping slarte
PliLiLAb e
: *r =300 min
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DISTANCE FROM PUMPED WELL. IN FEET

flouu 21.-- rswdawn versus distsnce from the pumped well
‘ tor ihe 72-nour test of Dk-17. N

The abrupt changes in slops betvesn Dk-18 and the other wells ‘as time
increases indicates that these wellg Aid not penetrate the same water-hearing
zone as Dk-17 and Dk-18. The water level in well Di:F-27 was drawn dowa below
tha bortom of the well at abour 90 feec on Movember 20 2ad no further data
could be collectsd. Because the water lLavels in Di:F-27, Dk-16 and DPk-19
respond to pumping in Dk-17, there is some hydnulxc connection with the zone
ycnctru(.d by Dk—~17 and Dk-18. X

A c-hpcr lng of Dk-17 revasled a large opaning at the bottos of the
10-inch casing. -This opening was belicved to ba conunected to a vater-oearing
xone at 130 to 140 feet which_cauaed turbidity by allowing clay to enter the
well. During (.lme or July) 1981, an B-imch ¢ was installed to a dapth
of 170, l!e ine 14 : ’ ——

' effort O unr‘tl’ﬁ ﬂmﬁ' T

O Au; st ‘14, l’Bl. puved— ac & conount rate of 120 gal/min
for 8 hours. Wells Dk-18 &nd DK-14 ward uwed as observarion vells (fig. 22).
At the snd of the test there wes 20.86 [leet of drawdown, for a specific capace
ity of 5.75 (gal/min)/ft. During the 22-hour test, well Dk~17 had a specific
capacity of 3.80 (gal/win)/fc of drawdown after 8 hours. The improvement tould
ba due to the development of the wvater-beuring rone at 180 TEEC ==

WATER LEVEL. N FEET BELOW MEASURNG PONT
3
T
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70 |~
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-§E —————— : B
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Fipre 32— Hydrograph snd yield 1or he $-hour test at Di-17.

e . v — b :
. “The response of unnr l.VIll iu Dl—l! and Dk-19 are similar to the _.
response during the 72-hour test (fig. 22). Water levels in well Dk-l9 ahowed
4 much more rapid rate of recovery following tRhe U-hour test (€a t is
FoTS TP TE Tt vommertTon becoeen DCTT and Dk-19 vag blocked -; the_eod of
the r2-hour Legt, This could have cd the rise in water level in Dk-19

before pumping stopped during the 72-hour test as well a2 the slov recovery.




o rasnmig foeater slavelsacin the pumpiog vell Dk-21 and the obsarvation wells Dk-13

Table 7.--Drawvdown and racovery in Dk-17, Dk~18 and Dk-19
during the 8-hour test

¥ell no.
Dk-17
(punped well) _° k-18 Pk-13
Prepumping 55 56.00 35.11
water lavel, in
teet balow - -
measuring point.
Drawdowm 17.24 13.65 $.23
atter 4 hours,
in feer.
Drawdown at 20.86 17.12 13.44
. end of test, .
in feat.
Recovery 1 hour . 11.94 8.12 1.89
after pumping
stopped, in
. feet. .
s . Tost at the Dk-21 Slte

Well Dk-21 was punpad st an avarage rats of 15 gal/nin during a 72-hour
‘aquifer test bagun on December 15, 1980. Wells Dk-13, Dk-14 and Di-20 wvere

within 500 feet of Dk-21 and verc used ss obsecvation wells. Dk-25 and Dk-26
“are also locatéd near the: -i:a (ﬁg 23) but kad not beea driuad st the time

of the test.

The wells at this site benn it the lower part of the Bt. Louis Limestone
which, ' sloog with the upper part of the Warsaw Limestone, has weathered to
forn a clay regolith with some scattered chert gravel (fig. 23). The primary
warer-bearing tone in Di~21 ie a l7-foot high eoluticn opeming in the Wareaw
Limestone. ‘lh- ommg :luu to 6 h-t im Dk-14.

v The Initisl rate ol pu-pxn[ was 630 galfmin. Pigure 24 shows tha respouse

.

- Dk=14, and Dk-10. _then pumping ltoppad on Daceaber 18, wvater levals in DL~
—— _and. Dk=21 _recovered rapidiy.

1,50 minute step was 8.6 (gal/min)/ftr of dravdown st 430 gal/min. At the oid
‘of the tedt, dpecific cspacity wae approzimataly the same at 8.8 (gal/min)/ft
of drawdown vith an average puaping rate of 350 gal/min. Thie saquifer tesr was
also snalyzed &nd again the results vere inconclusive. ‘The TRaponse of this
well to longer p-nod- of puaping or to a lu(her rate of pusping could not be

de::m(ned
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Water levels in vells Dk-13 and Dk-20 responded
- alowly to-the-end of pumping (table B). 8pecific capacity st the end of the
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Lins of crows seciion

Dh-28

Horizontal distances nol te seale
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Flgurs 2).-- Geologic Gross section at the Dx-21 shie whh iocation map,



minutes afrer

- puaping stopped,

in feet.

34

- TY T T T ¥ T T T ¥ ¥ The rgaponse of the wvater levals in@n@in -es_that the
; xZ . uat 2006 in Di~21 snd Dk-14 ie poorly connécted with other zones in
@ Q g + A gra T well
>@g '° (£ig.” 25) showe the -Mm&;:rﬁmﬂ-&m-_lz" during pusping. The abrupt
amZ e change in the alope bhetween DR-T4 and Dk~20 eupports the sesumption that wells
5 :,§ L L] ro opol te dxffunnt nter-bennn a thaas the sain_sons
w & go5 . P ug
v Iping
; g 15 =21, rjun -ut bc nud
125 (30 1 im 2 t0 il g g L p
Qw00 : -
z I
683 L 4
2= 280 .
ax 2 1 { 1 1 L ] .
>Gg soll 1 1 1 1 a
ZY 1415 ° 2400 0800 1600 2400 0009 1800 2400 0800 1600 2400 T TR T 17§
oec 1s 0EG 18 DEG 17 0EC 1o
. ol
j .
, Figwe 24.-- Hydrograoh and yisld during the 72-hour test of well Ok-21. n=- 20 - i
i S . : . e
; v ‘2 LI o -4
z 1= 300 minutes
. N &
. n valle Dk-13, Dk-14, Dk-20, and Dk-21 g ‘of 1= 900 minytes E
. the 72-hour tast 8 ,,,s" minutes
i - - a spl ,
] - Well no.
F Dk-14 %-20 8o |- 7
Cou
ro - y 0x-20, Dk 12
: Distance from 552 330 515 T - R hiaN
N w well . ‘ N 10 R AT L;numl Lo 1 aetnl I I .
pusped . o - AR 10 100 TYY
in feet. - . .
) ’ o msunce FROM Puuwso WELL. IN FEET
Prepumping . 65.4) 81.13 76.65 82.29
water laval, in ©
feet belov i )
“"'"“' point. R AS L Flgwe 23 Drawdown versus distance fiom the pumpsd wed
- i * Deen Y - - tor the test ol DR-21.
. 17-6§ 46.96 19.13 : .
at ead of . . - o
firet step, - h "
_ in feet. L v
T L momtiiow AR e e R ADDITIONAL DRILLING NEAR™THE DK~ 21 ITE
= v Drlvdovn at 9.7 20.52 - 38.7¢ 2.106 .
. T"end of test, : o e s e o . Following the '72-hour tut, two lddinml wells, @nd@ were
in feet. e drilled ia sn sttempt to detesmine the lateral extent of the primary water
.. .. R bear .
Becovery 200 21.29 2.94 20.28 .55 final yie l/nun while blwmg with cospressed air for 15 wiautes.
Water levels nt Dk-14 did vot reepond to drilling Dk-25 (fig. 26). However,

the soall yield from Dk-23 and short pumplog time would not be axp-ued to
effect water levels in Dk-14 which is more than 1,400 feet away.
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WATER LEVEL, IN FEET
BELOW MEASURING POINT

2400 1200 2400 t200 2400 1200 2400

Figwe 20.~ Hyarograph (or well Dk-14 Guring May 5-7, 1981,

‘"Well Dk~26, about 900 feet frow Dk-14, was completed to a depth of 150
feet. e .final yield wae 37 gal/min. The hydrograph of Dh-14 (fig. 26)
sbovs au abrupt ‘drop in water _lavel during the drilling of Dk-26 oa May 7
indicsting 8 hydraulic caanection betwean these wells. The vater-besring

" sones at 104 and 132 feat in Dk~-26 may coerslate with the wain vnter-buring
gone in Dk-21 and Dk-14 (fig. 23},

UT s WATER QUALITY

R 5peciflc conductance of ground water from the teast wells canged frow 200
‘to more then 1,500 picromhos per ceutimeter (Umhos/ce). Host values ware
between 250 and 350 umhos/cm (cable 9). Generally, the apacific conductance
facressed vich depth, T o

.Grouad water froa th .gol ith (Du-9 snd nu-u) aad Erom solution openings
in the Marsav Li-eiioni. such, ap_ia_ Pk-14, Dh-17 and Dk-21, bed s epecific
conductance xun;u\; from 200 to_sabout 400 ymhos/ca. Wells vhlch penctcated
solution onmnn in the Part hyna ‘Forwation (Dk~16 and Dk-26} generslly had
values within this range. ' However, in wells Dk-1, Du-5, and Dk-8, hydrogen
sulfide wvas detacted in water from upcningn in the Fort Payne Formatioa, After
the detection of hydrogéo sulTide"ERé spacific conductance ranged from 800 to
as wuch a3 1,550 pohoa/cm.
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“hbln 9.~8pecific conductance of vater froa the t

aalle

Depth of wall at Specific Dapth of vell at Specific
Well time of sempling comductance | Well time of senpling conductaoce
Bo. weaho/cm no. Qioho/em
(teet) ar 25°C) (fear) et 25°C)
Dk-1 400 850 - Dh-15 150 300
260 300
Dh-2 300 360 290 3200
oo 340
Dk-5 110 400 . ] .
120 425 Dk-16 50 30
210 450 .
265 560 Dk~17 116 2%
270 25 135 . 400
300 1.475" 145 135
3z0 1,550 140 300
340 1,475 . 190 00
%0 1,200 200 290
400 1,400 200 300
’ 260 305
Dk-8 206 800 275 300
& 2% 300 _
k-9 33 280 g
330 27s. Dk-18 168 1290
340 + 320 173 300
. o 2111 255
Dk-10 280 320 . 250 320
Dk-14 156 220 Dk~2L 130 .. 280
180 200
270 320 Dk-22 27 330
5 .
Dk-25 220 350
Dx-26 140 425
180 L 420
220 aso
250 390

| = Ground watét froa wells Dk-17 and Dk~21 tspping the Waresaw Limestone vas®
- analyzed " ‘Bot $4 - parsmeters. These analysea show no major water—quality™
' ' problens (cable 10). Water from both wells is s hard, calcium bicarbonate
type with dimilar proparrions of major mineral constituents (fiz. 27). 8y
coapariscn, well Fv-1} in Fairview, Tenn., yields minaralized wster from the
Fort Payae Formation. Hydrogen sulfide was elso datacted in thie well, the
water type is bcucvcd to be nunlnr with water from the Fort Payac in wells
Dk-1, Dk-3, wnd Dk-6, ° .
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Table 18.-s0s1pans of voter froe (h=17 4ad (-} cmporod Wieh sromdsris for masine S .
Levals of sonsnitesnte {u fesrehed deinhisg watac oo g 5 Fv-13
RetTaast 15
Tesmespes amdamly drivhtng-wagsr
[ - st vaa .
Y wedary rlmery
. Nasime o xima LT [ 4
oy . 5 w Dk-21
Conatituant o7 prajacty Level 1eval taval? tiwet } . 5 ‘
Atvatistty, cocet Cugfl an Cocy) X ue e - - - - %
nbnam, dlsented (Mg - [ - .- - -
lmhol (-Il. . as} ° [} - bl - E ] [
wed - {us/L s» Do} - 057 20 Cem L D08 — 1,008 . E
.,m- e Caa/L 2w Ba) * '3 o5 = - - g
Beren, dlpasived (I’II, L4 ) B - - - < -
tadmive, direetved {va/i s s - w - ® 2
Calcium, dlosnlvad (o 1o og/V) L] ] L1 e - -~ - b~ .
Carbaa, disselved segasice (ng/l as £} - .7 - - - -~ . 0
arves, tecal srgmmic (mg/l oo O 2.9 - - - - - o
oL {Ng
R 53 B » - % - ) .
1 " - 0 - P 3 .
' 3 1 oot o o = z
: ler m.u- «sbatt walte) » 1 B - 1]
- Capper, ¢israbvad (wg/L ae Cu) n 3 1,008 - 1,008 - Dk-17
f oesida, ‘lmlm (nu ssan - _c.m  0.00 - - - - é
Sutergents, MAMS { e 0.0 (%) - 3 -
sleselvd salide, nauun -l ur: {ng/t} e - - s < .
Tiesrlde: diasives (ug/L o [l o.t [ ] 1.0 £ 1.8% ‘o
Lerdasss, santerteascs (.un. . gn:n,) ° o = &5, 2
Wardmave] tatel (wg/t 8o CO0By) - . lae 1 L - - .- «
Teom, disnstmed (Ug/L oo nl 0 [] b ] - s - g
- .43 - - e e
1 3 -- » - » Q
T, e - &5 &5 = S
[ - - -~ = -
It 1 » o » - §
-....«n Eeea G/t ae ) - 1 I - ]
eslved Gig/L se W} () .2 o ] - <
m,u.- Saisaaived Lot s m) -~ e - - = & 3
et l\qll . -n : 2 - - - -
. 0. 19 13
°. - -
o. P —
o toniced A - -
Pesets (vg/1) . . [y -
Presphate, dlesolved (mg/! N -
Mrerslms, disaslved (ap/t 8 -_
Satenim, dinamivas fug/t o =
Silhes, disorlved (ug/L s 2.6 - e
Sitver, dlisolved BWL o0 dg) el e . m - N Figue g7 Conbaison of mejor catione nd anions tn vets A
Sodivm, dleostvd (ag/L sn Bu} 1.2 - - - - . 5
Sedinm sbrerytion ratie 0.1 - - - 5
. Sedbm gorvase oy 2 - - e - =
Rpocifie coniect (viey b = = -
R SUMMARY AND CONCLUSIONS
© Stromtina, disselved tug/L an be) = = =5
4 oo e Butiata, disesived fau/L oy %) . - 1m0 -- AL
DAL b } = o et c d water in the. chhon area occurs primarily in: the Warsaw Limestowe.
v - -Tampecatura (G} ... . -— - - .
’. Kine, disenlvnd (ng/t as Bo) N . s.00 - 3 - Secondary permeability, -such as solution openings, are -the PrinciplT aveaues
- e —— el - . - o
sl Cer e Oedifers, tetal, famad. (2s1n /108 ob) Py v - At - At of ground-uatar sovemsat. Tha unqlrlying' Fort hypa Formation jis.fine-grained
fl . _ Setilars, foal, .43 By (Cole./100 ob) 1 1 - A: - t: - and usvally actas as the base of the aquifer. Test—vell aites were chosen on
" 00 okt D e g GG IC D ! ! - ¢ - N N R the basis of topographic position, regolith thickae and_the lithology of
b R . K B the underlying formstiove. Dats [rom the test vells were snalysed Lo relate
N L n:u:::'.:::,”u:::’ . geology and ropo y to ground-water occurrence. It Lith
0 1 8. levieowmmetal Procsccive Aquney, 1978, - . oo - . %L . thickness and t ithology of the bedrock ave the mein lactors infiuencing
§ " Pared on snemsl mrerags mslmm deily tempereture.
B 3 L owslws af five ar foune Lo allowed L0 Lt dove ant vies P Lelegk i the Jevelopaent of high-yieldim, T . .
. Motfmun 1inlt im ware thon sne sampls whors bese thon 20 swuples sre snomioed gor mnth.
; . . 5
d kI o ‘39
~ . — o . .1 By e . -
e ;.




Ten of the 26 test walle had thick regolith and a Ffine-grained |iwestc
nesr the top of the cosrse-grained bedrock.
gal/min or more. The specific capacity for thase seaven wells unnd from 1.02
to 11.7 (gal/min)/fr of dravdown. W gh-yielding solution openingd sre sore
likely to develop in aress where thare is thick regolith and & fisegrsined
limestone is present at the top of rock.

Aqulf" tests were conducted at two welis vhich penetrated hglr-yicldi.n‘
solution opnh;-. Vell Dk-17 wes pumped for 72 hours at am average rate of
155 pal/min vith a specific capacity of 1.8 (gal/min)/ft. 4o 8-hour test vas
conducted at Dk-17 after addicional casing was installed to ses] off eoma
upper zones. During this test, discharge was 120 -gal/min with a specific
capscity of 5.75 (gull-m)lfz.

A second vcll I)k-ll was pumped aC am eversge yield of 150 gal/mian for 72
hours and had a specific capacity of 8.8.(gal/min)/ft. FPurther deilling st
this site indicates that the solution opemning may extend about 900 feet
laterally. ihlt ol thu‘ enings seemed to be very locllued.

BS W

The Warssw h—ltonc in the Dickean area is capable of yielding good
quality wster ;for drinkiog or jodustrial use. While lov-yielding eells are
the rule, the \h !opn-nt of M;h-yialdmg velln i» pnnlblc.

Seven of the 10 walls yiclded 8,
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